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(54) Apparatus for and method to detect vibrations using optical interference in an optical fiber 
loop 



(57) A signal/vibration detecting technique employs 
a simple structure to identify a target optical f toer among 
many and carry out a bidirectional conversation through 
the target optical fiber. 

First ends of optical ffcers (202A, 202B), one of 
which is a target optical f foer, are connected to an opti- 
cal transceiver (201). Second ends of the optical fibers 
are connected to each other to form a loop. A local unit 
(203) is installed at the loop. The local unit vibrates the 
loop, and the optical transceiver emits lights so that the 
lights are oppositely propagated through the loop. The 
propagated lights are coupled together so that they 
interfere with each other. In the intensity of the interfer- 
ing lights, a change corresponding to the vibration is 
detected to identify the target optical fiber. Once the tar- 
get optical fiber is identif ied, it is used to carry out a con- 
versation between the optical transceiver and the local 
unit. 
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Background of thB Invention 
5 1 . Field of the Invention 

[0001] The present invention relates to a signal/vibration detecting technique employing optical interference. The 
technique emits lights into open ends of a loop made of a plurality of optical fibers so that the lights are propagated 
clockwise and counterclockwise, respectively, through the loop, couples the propagated lights together so that they 
10 interfere with each other, and detects a physical change such as vibration applied to the loop by observing a change in 
the intensity of the interfering lights. 

[0002] The present invention also relates to a technique of applying the signal/vibration detecting technique to identify 
a target optical fiber cable among many during, for example, cable changing and removing work. 
[0003] The present invention also relates to a technique of applying the signal/vibration detecting technique to identify 
is a target optical ffoer among optical fibers contained in a cable and use the identified target optical fiber to carry out a 
conversation without cutting the optical fiber. 

2. Description of the Prior Art 

20 [0004] Various sensors and detectors that use optical interference caused on optica! fibers and lasers have been pro- 
posed. For example, a Mach-Zhehnder interferometer emits a laser light from a light source, splits the laser light into 
two so that the two split lights pass through two optical paths, couples the lights so that they interfere with each other, 
and detects a phase shift between the lights according to a change in interference fringes. 
[0005] This technique is applicable to provide a simple structure consisting of a laser and a loop made of a plurality 

25 of optical f toers to detect a physical change such as vibration applied to the loop. 

[0006] The technique is also applicable to identify a target optical fiber cable among many, or identify a target optical 
fiber among optical fibers contained in a cable and carry out a conversation through the target optical fiber. 
[0007] This technique is applicable to changing and removing work of optical fiber cables in a telephone tunnel or a 
manhole. During such work, the technique is used to identify a target optical fiber cable among many cables so that 

so erroneous cables may not be cut. When changing an optical ffoer to another in a given cable, the technique is used to 
identify the target optical fiber among many optical fibers contained in the cable. 

[0008] To identify a target optical fiber cable, a prior art emits a light into an end of the cable, applies ultrasonic waves 
to the cable, monitors polarization of the light propagated through the cable influenced by the ultrasonic waves, and 
identifies the cable. 

35 v [0009] Another prior art emits a light from a light source and splits it into two by an optical coupler. The split lights are 
made incident to two different optical fibers contained in a target optical fiber cable. The split lights are propagated 
through the optical fibers, are coupled together by an optical coupler at the other end of the cable, and are received by 
a photo-detector. Vibration is applied to the cable. The vibration causes stress on the cable to change the lengths of 
optical paths through which the split lights are propagated. This changes a phase difference and polarization plane 

40 between the propagated lights, thereby changing the intensity of interference of the coupled lights at the end of the 
cable. According to this change, the cable is identified even if it is laid among many cables. 
[001 0] These prior arts are applicable to identify a target optical fiber among optical fibers contained in a cable. 
[001 1 ] The prior arts mentioned above must change polarization planes to identify a target optical f toer cable or a 
target optical fiber. If there is an outside factor to change polarization planes, the prior arts are unable to correctly iden- 

45 tffy the target cable or ffoer. As a result, the prior arts achieve only a poor probability of 70% in identifying a target cable 
or fiber. This probability will further deteriorates depending on the material of a target cable or fiber. In addition, the prior 
arts require expensive devices. 

[001 2] The prior arts malfunction when the difference between the lengths of two optical f toers for propagating lights 
exceeds a coherent length. The prior arts need an additional optical coupler be installed at the receiver side of a cable, 
so and if lights propagated through two optical fibers in the cable are polarized orthogonally do not work because no inter- 
ference occurs between the propagated lights. 

[001 3] On the other hand, the signal/vibration detecting technique of the present invention employs a simple, low-cost 
structure to surely identify a target optical fiber cable or a target optical fiber. 

[0014] A target optical ffoer identified according to any one of the techniques mentioned above can be used without 
55 being cut to carry out a conversation between distant work sites during cable/fiber changing and removing work. 
[001 5] To achieve such conversation, a prior art bends the target optical ffoer to cause a loss, changes the radius of 
the bend, and uses brightness modulation due to the radius change. Another prior art distorts the optical fiber and uses 
a change in polarization of the optical ffoer due to the distortion. 
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[0016] The prior art using br^roess modulation applies vibration with, for example, a speaker to the optical fiber to 
change the radius of the bend formed on the optical fiber. The change in the radius changes a loss to change bright- 
ness, thereby modulating a light passed through the optical fiber. This technique is employed by an optical conversation 
method disclosed in Japanese Unexamined Patent Publication No. 4-368029 and by an optical fiber bend setting 
method for an optical fiber conversation apparatus disclosed in Japanese Unexamined Patent Publication No. 5- 
264909. 

[0017] Japanese Unexamined Patent Publication No. 7-38502 discloses an optical fiber conversation apparatus that 
makes lights enter into and exit from the side of an optica) fiber. A transmitter emits a light from a light source, modulates 
the brightness of the light, and makes the light incident to a bend of the optical fiber. A receiver converts leakage lights 
from a bend of the optical fiber into an electric signal. 

[0018] The technique of the Japanese Unexamined Patent Publication No. 4-368029 vibrates a bend of an optical 
fiber to change the brightness of a light, thereby modulating the light. The degree of modulation of this technique is 9%, 
which is very low, and therefore, must be compensated. In addition, vibrating an optical fiber needs a complicated 
mechanism to increase the size and cost of the technique. 

[0019] The technique of the Japanese Unexamined Patent Publication No. 7-38502 makes a light enter into and exit 
from the side of an optical fiber, to cause large optical coupling losses. As a result, this technique is unable to realize a 
large dynamic range and clear conversation. 

[0020] The technique of changing polarization planes by ultrasonic waves is unable to secure a conversation if exter- 
nal factors make the polarization planes orthogonal to each other. 

[0021] On the other hand, the signal/vibration detecting technique of the present invention employs a simple, inex- 
pensive structure to improve the degree of modulation and reduce mechanical load on an optical fiber that is used for 
conversation. 

ggmmyyofthfi Invention 

25 

[0022] An object of the present invention is to provide a signal/vibration detecting technique employing optical inter- 
ference and a simple structure made of a laser and a loop of a plurality of optical fibers. 

[0023] Another object of the present invention is to provide a technique of identifying a target optical fiber cable among 
many with the use of the signal/vibration detecting technique employing optical interference and a simple, inexpensive 
so apparatus. 

[0024] Still another object of the present invention is to provide a technique of identifying a target optical f ber among 
many and using the identified optical f ber to carry out a conversation at an improved degree of modulation and reduced 
load on the optical fiber, with the use of the signaWibration detecting technique. 

[0025] In order to accomplish the objects, a first aspect of the present invention provides an apparatus for detecting 
35 a signal based on optical interference, having a light source, a photo-detector, a loop made of a plurality of optical fibers 
and having open ends, and a splitter-coupler connected to the open ends of the loop. The light source emits a light, 
which is split by the 6plitter-coupler. The split lights are made incident to the open ends of the loop, respectively, so that 
the split lights are oppositely propagated through the loop. The oppositely propagated lights are coupled by the splitter- 
coupler so that they interfere with each other. The interfering lights are converted by the photo-detector into a signal that 
40 indicates the intensity of the interfering rights and is responsive to a change in the phase difference between the lights. 
[0026] According to the signal from the photo-detector, the first aspect detects a physical change applied to the loop 
and changed the phase difference between the oppositely propagated lights. 

[0027] A second aspect of the present invention provides a method of detecting a signal based on optical interference, 
including the steps of emitting a light from a light source, splitting the light by a splitter-coupler, making the split lights 

45 incident to open ends of a loop made of a plurality of optical fibers so that the split lights are oppositely propagated 
through the loop, coupling the propagated lights by the splitter-coupler so that they interfere with each other, converting 
the interfering lights by a photo-detector into a signal that indicates the intensity of the interfering lights and is respon- 
sive to a change in the phase difference between the lights, and detecting, according to the signal from the photo-detec- 
tor, a physical change applied to the loop and changed the phase difference between the lights. 

so [0028] A third aspect of the present invention adds, to the method of the second aspect, the step of inserting a delay 
unit in the loop or between the loop and the splitter-coupler, to delay the tights propagated through the loop. 
[0029] Even if being applied to the midpoint of the loop, the physical change surely causes, due to the delay unit, a 
phase difference between the lights oppositely propagated through the loop, and therefore, is surely detectable accord- 
ing to the signal provided by the photo-detector. 

£5 [0030] A fourth aspect of the present invention provides an apparatus for detecting vforation based on optical inter- 
ference, having a light source, a photo-detector, a loop made of a plurality of optical fibers and having open ends, and 
a splitter-coupler connected to the open ends of the loop. The Oght source emits a light, which is split by the splitter- 
coupler. The split lights are made incident to the open ends of the loop, respectively, so that the split lights are oppo- 
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sitely propagated through the loo jJfe oppositely propagated lights are coupled by thwRrtter-coupler so that they 
interfere with each other. The interfering lights are converted by the photo-detector into a signal that indicates the inten- 
sity of the interfering lights and is responsive to a change in the phase difference between the lights caused by vibration 
applied to the loop. 

5 [0031] According to the signal from the photo<letector, the fourth aspect detects a physical change, i.e. t vibration 
applied to the loop and changed the phase difference between the oppositely propagated lights. 
[0032] A fifth aspect of the present invention provides a method of detecting vibration based on optical interference, 
including the steps of emitting a light from a light source, splitting the light by a splitter-coupler, making the split lights 
incident to open ends of a loop made of a plurality of optical fibers so that the split lights are oppositely propagated 

10 through the loop, coupling the oppositely propagated lights by the splitter-coupler so that they interfere with each other, 
converting the interfering lights by a photo-detector into a signal that indicates the intensity of the interfering lights and 
is responsive to a change in the phase difference between the lights, and detecting, aocording to the signal from the 
photo-detector, vibration applied to the loop and changed the phase difference between the lights. 
[0033] A sixth aspect of the present invention adds, to the method of the fifth aspect the step of inserting a delay unit 

is in the loop or between the loop and the splitter-coupler, to delay the lights oppositely propagated through the loop. 
[0034] Even if being applied to the midpoint of the loop, the vibration surely causes, due to the delay unit, a phase 
difference between the lights oppositely propagated through the loop, and therefore, is surely detectable according to 
the signal from the photo-detector. 

[0035] A seventh aspect of the present invention provides an apparatus for identifying a target optical fiber caUe 
20 among many, having a light source, a photo-detector, a loop made of a plurality of optical fibers and having open ends, 
and a splitter-coupler. The splitter-coupler is connected to the light source, the photo-detector, and the open ends of the 
loop. The light source emits a light. The splitter-coupler receives the light splits the light, makes the split lights incident 
to the open ends of the loop, respectively, so that the split lights are oppositely propagated through the loop, receives 
the oppositely propagated lights, couples the received lights so that they interfere with each other, and supplies the 
» interfering lights to the photo-detector. The photthdetector converts the interfering lights into an electric signal that indi- 
cates the intensity of the interfering lights and is responsive to a change in the phase difference between the lights. 
According to the electric signal, the seventh aspect detects a physical change applied to the target optical fiber cable 
that contains at least a part of the loop. 

[0036] An eighth aspect of the present invention provides an apparatus for identifying a target optical ftoer cable 
so among many, having a fight source, a photo-detector, a loop made of a plurality of optical fibers and having open ends, 

and a splitter-coupler. The splitter-coupler is connected to the light source, the photo-detector, and the open ends of the 

loop. The light source emits a light, which is received by the splitter-coupler. The splitter-coupler splits the light, makes 
. the spnt lights incident to the open ends of the loop, respectively, so that the split lights are oppositely propagated 

through the loop, receives the oppositely propagated tights, couples the received lights so that they interfere with each 
35 other, and supplies the interfering lights to the photo-detector. The photo-detector converts the interfering lights into an 

electric signal that indicates the intensity of the interfering lights and is responsive to a change in the phase difference 

between the lights. According to the electric signal, the eighth aspect detects vibration applied to the target optical fiber 

cable that contains at least a part of the loop. 

[0037] A ninth aspect of the present invention provides an apparatus for identifying a target optical fiber cable among 
40 many, having an optical transceiver connected to open ends of a loop made of a plurality of optical fibers and a local 
unit for applying vforation to loop. The optical transceiver has a light source for emitting a light, a splitter-coupler for split- 
ting the light, making the split lights incident to the open ends of the loop, respectively so that the lights are oppositely 
propagated through the loop, receiving the oppositely propagated lights, and coupling the received lights so that they 
interfere with each other, and a photo-detector fbr-dcwiverting the interfering lights into an electric signal. This electric 
4$ signal indicates the intensity of the interfering lights, is responsive to a change in the phase difference bertween the 
lights caused by the vibration applied to the loop, and is used to identify the target optical fiber cable that contains at 
least a part of the loop. 

[0038] Any one of the seventh to ninth aspects of the present invention picks up a plurality of optical f toers in a target 
optical fiber cable, or at least one of them in a target optical fiber cable and others in another optical fiber cable. Each 
50 end of the picked-up optical fkers is connected to each other into a loop having two open ends. 

[0039] The light source emits a light The splitter-coupler splits the light and makes the split lights incident to the open 
ends of the loop, respectively, so that the lights are oppositely propagated through the loop. The oppositely propagated 
lights are received and coupled by the splitter-coupler to that they interfere with each other. The interfering lights are 
supplied to the photo-detector. 

55 [0040] Under this date, the local unit applies a physical change, which may be pressure, bend, tension, or vibration, 
to optical fiber cables including the target cable one after another. 

[0041 ] The photo-detector converts the interfering lights from the splitter-coupler into an electric signal that indicates 
the intensity of the interfering fights and is responsive to a change in the phase difference between the lights. When the 
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( local unit applies the physicaMmge to the target optical fiber cable that contains at least a part of the loop, the signal 
from the photo-detector shows a change corresponding to the physical change. As a result one can identify the target 
optical fiber cable among many cables. 

[0042] A tenth aspect of the present invention provides a method of identifying a target optical fiber cable among 
5 many, including the steps of connecting each end of a plurality of optical fibers to eSch other to form a loop having two 
open ends, connecting an optical transceiver to the open ends of the loop, emitting a light from a light source of the opti- 
cal transceiver, splitting the light by a splitter-coupler of the optical transceiver, making the split lights incident to the 
open ertfs of the loop, respectively, so that the split lights are oppositely propagated through the loop, coupling the 
oppositely propagated lights so that they interfere with each other, converting the interfering lights by a photo-detector 
10 of the optical transceiver into an electric signal that indicates the intensity of the interfering lights and is responsive to a 
change in the phase difference between the lights, and detecting in the electric signal a physical change applied to the 
target optical fiber cable that contains at least a part of the loop. 

[0043] An eleventh aspect of the present invention provides a method of identifying a target optical ffoer cable among 
many, including the steps of connecting each end of a plurality of optical fibers to each other to form a loop having two 

is open ends, connecting an optical transceiver to the open ends of the loop, emitting a light from a light source of the opti- 
cal transceiver, splitting the light by a splitter-coupler of the optical transceiver, making the split lights incident to the 
open ends of the loop, respectively, so that the split lights are oppositely propagated through the loop, coupling the 
oppositely propagated lights so that they interfere with each other, converting the interfering lights by a photo-detector 
of the optical transceiver into an electric signal that indicates the intensity of the interfering lights and is responsive to a 

20 change in the phase difference between the lights, and detecting, in the electric signal, vibration applied to the target 
optical fiber cable that contains at least a part of the loop. 

[0044] A twelfth aspect of the present invention adds, to any one of the tenth and eleventh aspects, the step of insert- 
ing a delay unit in the loop or between the loop and the optical transceiver, to delay the lights oppositely propagated 
through the loop. ~ 
2S [0045] Even if being applied to the midpoint of the loop, the physical change or vforation surely causes a phase dif- 
ference between the lights oppositely propagated through the loop, and therefore, is surely detectable according to the 
signal from the photo-detector. 

[0046] ^ A thirteenth aspect of the present invention provides an apparatus for identifying a target optical fiber among 
many, having a light source, a photo-detector, a loop made of a plurality of optical ffoers and having open ends, and a 

so splitter-coupler. The splitter-coupler is connected to the light source, the photcxJetector, and the open ends of the loop 
made of the a plurality of optical fibers including the target optical fiber. The light source emits a light The splitter-cou- 
pler splits the light, makes the split lights incident to the open ends of the loop, respectively, so that the split lights are 
oppositely propagated through the loop, receives the oppositely propagated lights, couples the received lights so that 
they interfere with each other, and supplies the interfering lights to the photo-detector The photo-detector converts the 

as interfering lights into an electric signal that indicates the intensity of the interfering lights and is responsive to a change 
in the phase difference between the lights. According to the electric signal, the thirteenth aspect detects a physical 
change applied to loop. 

[0047] A fourteenth aspect of the present invention provides an apparatus for identifying a target optical fiber among 
many, having a light source, a photo-detector, a loop made of a plurality of optical fibers and having open ends, and a 
40 splitter-coupler. The splitter-coupler is connected to the light source, the photcxJetector, and the open ends of the loop 
made of the a plurality of optical fibers including the target optical ffoer. The light source emits a light The spfitter-cou- 
pler sprits the light, makes the split lights incident to the open ends of the loop, respectively, so that the split lights are 
oppositely propagated through the loop, receives the oppositely propagated lights, couples the received lights so that 
they interfere with each other, and supplies the interfering lights to the photo-detector. The photo-detector converts the 
interfering lights into an electric signal that indicates the intensity of the interfering lights and is responsive to a change 
in the phase difference between the lights. According to the electric signal, the fourteenth aspect detects vibration 
applied to the loop. 

[0048] A fifteenth aspect of the present invention provides an apparatus for identifying a target optical fiber among 
many, having an optical transceiver and a local unit The optical transceiver is connected to open ends of a loop made 
of a plurality of optical fibers including the target optical fiber. The local unit applies vibration to the loojx The optical 
transceiver has a light source for emitting a light a splitter-coupler for splitting the light making the split lights incident 
to the open ends of the loop, respectively, so that the lights are oppositely propagated through the loop, receiving the 
oppositely propagated lights, and coupling the received lights so that they interfere with each other, and a photcnietec- 
tor for converting the interfering lights into an electric signal. The electric signal indicates the intensity of the interfering 
55 lights, is responsive to a change in the phase difference between the fights caused by the vibration appDed to the Iocs) 
and is used to identify the target optical fiber. 

[0049] Any one of the thirteenth to fifteenth aspects of the present invention picks up a target optical f foer and another 
optical fiber in a given cable, connects one ends of the picked-up optical fbers to each other through an optical connec- 
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tof to form a loop having two opeiWBs. The light source emits a light. The splitter-coupler splits the light and makes 
the split lights incident to the open ends of the loop, respectively, so that the split lights are oppositely propagated 
through the loop. The oppositely propagated lights are received and coupled by the splitter-coupler so that they interfere 
with each other. The interfering lights are supplied to the photo-detector. 
' 5 [0050] Under this state; the local unit applies a physical change, which may be pressure, bend, tension, or vibration, 
to optical fibers in the cable one after another. 

[0051 ] The photo-detector converts the interfering lights into an electric signal that indicates the intensity of the inter- 
fering lights. When the local unit applies the physical change to the target optical fiber, the signal from the photo-detec- 
tor shows a change corresponding to the physical change. As a result, one can identify the target optical fiber. 

10 [0052] A sixteenth aspect of the present invention provides a method of identifying a target optical fiber among many 
including the steps of connecting each end of a plurality of optical fibers including the target optical fiber to each other 
to form a loop having two open ends, connecting an optical transceiver to the open ends of the loop, emitting a light from 
a light source of the optical transceiver, splitting the light by a splitter-coupler of the optical transceiver, making the split 
lights incident to the open ends of the loop, respectively, so that the split lights are oppositely propagated through the 

15 loop, coupling the oppositely propagated lights so that they interfere with each other, converting the interfering lights by 
a photo-detector of the optical transceiver into an electric signal that indicates the intensity of the interfering lights and 
is responsive to a change in the phase difference between the lights, and detecting in the electric signal a physical 
change applied to the loop. 

[0053] A seventeenth aspect of the present invention provides a method of identifying a target optical fiber among 
20 many including the steps of connecting each end of a plurality of optical ftoers including the target optical fiber to each 
other to form a loop having two open ends, connecting an optical transceiver to the open ends of the loop, emitting a 
light from a light source of the optical transceiver, splitting the light by a splitter-coupler of the optical transceiver, making 
the split lights incident to the open ends of the loop, respectively, so that the split lights are oppositely propagated 
through the loop, coupling the oppositely propagated lights so that they interfere with each other, converting the inter* 
25 fering lights by a photo-detector of the optical transceiver into an electric signal that indicates the intensity of the inter- 
fering. lights and is responsive to a change in the phase cfifference between the lights, and detecting, in the electric 
signal, vibration applied to the loop. 

[0054] An eighteenth aspect of the present invention adds, to any one of the sixteenth and seventeenth aspects, the 
step of inserting a delay unit in the loop or between the loop and the optical transceiver, to delay the lights propagated 
30 through the loop. 

[0055] Even if being applied to the midpoint of the loop, the physical change or vibration surely causes a phase dif- 
ference between the lights oppositely propagated through the loop, and therefore, is surely detectable according to the 
signal from the photo-detector. 

[0056] A nineteenth aspect of the present invention provides an optical fiber communication apparatus having an opti- 
35 cal transceiver connected to open ends of a loop made of a plurality of optical fibers including a target optical fiber, and 
a local unit attached to the loop. The optical transceiver has a fight source for emitting a light, a first microphone for con- 
verting a voice into an electric signal, a driver for modulating the light from the fight 6ource according to the electric sig- 
nal from the first microphone, a splitter-coupler for splitting the light from the light source, making the split lights incident 
to the open ends of the loop, respectively, so that the lights are oppositely propagated through the loop, receiving the 
40 oppositely propagated lights, and coupling the received lights so that they interfere with each other, a first photo-detec- 
tor for converting the interfering lights into an electric signal, and a first voice unit for demodulating the electric signal 
from the first photo-detector into a voice signal. The local unit has a bender for bending the loop, a second photo-detec- 
tor for receiving leakage lights from the bend of the loop and converting them into an electric signal, a second voice unit 
for demodulating the electric signal from the second photo-detector into a voice signal, a second microphone for con- 
46 verting a voice into an electric signal, and a vibrator for applying vibration to the loop according to the electric signal 
from the second microphone. 

[0057] At a first work point at the open ends of the loop, the first microphone converts a voice into an electric signal, 
and the driver modulates a light from the light source according to the electric signal. The splitter-coupler splits the light 
from the light source and makes the split lights incident to the open ends of the loop. At a second work point where the 

so local unit is installed, the bender bends the loop, the second photo-detector receives leakage lights from the bend and 
converts them into an electric signal, and the second voice unit demodulates the electric signal into a voice signal. 
[0058] At the second work point, the second microphone converts a voice into an electric signal, and the vibrator 
vibrates the loop according to the electric signal. At this time at the first work point, the splitter-coupler couples the lights 
oppositely propagated through the loop to make the lights interfere with each other. The first photo-detector converts 

55 the interfering lights into an electric signal that indicates the intensity of the interfering lights and is responsive to a 
change in the phase difference between the lights. The first voice unit demodulates the electric signal into a voice sig- 
nal, which is used to reproduce the voice entered by the local unit. 

[0059] The nineteenth aspect enables the first and second work points to carry out a conversation between them 
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through the loop once the tar ^j^tcal fiber that forms a part of the loop is identif i 
[0060] A twentieth aspect of the present invention structures the apparatus of the nineteenth aspect such that the 
driver of the optical transceiver FM-modulates a light from the light source, the first voice unit of the optical transceiver 
AM -demodulates a signal from the first photo-detector into a voice signal, and the second voice unit of the local unit FM* 
5 demodulates a signal from the second photo-detector into a voice signal. 

[0061 ] The twentieth aspect differently modulates and demodulates a signal from the optical transceiver to the local 
unit and a signal from the local unit to the optical transceiver so that each of the optical transceiver and localuriit can 
clearly reproduce a voice signal sent from the opposite party without crosstalk 

[0062] A twenty-first aspect of the present invention provides an optical fiber communication method including the 
io steps of connecting each end of a plurality of optical fibers to each other through an optical connector to form a loop 
having two open ends, connecting an optical transceiver to the open ends of the loop, attaching a local unit to the loop 
between the optical transceiver and the optical connector, and carrying out optical-transceiver steps and local-unit 
steps. The optical-transceiver steps include emitting a light from a Dght source, converting a voice into an electric signal 
by a first microphone, modulating the light from the light source by a driver according to the electric signal from the first 
is microphone, splitting the light from the light source by a splitter-coupler, making the split lights incident to the open ends 
of the loop, respectively, so that the split fights are oppositely propagated through the loop, coupling the oppositely prop- 
agated lights by the splitter-coupler so that they interfere with each other, converting the interfering lights into an electric 
signal by a first photo-detector, and demodulating the electric signal into a voice signal by a first voice unit. The local- 
unit steps include bending the loop, receiving leakage lights from the bend by a second photo-detector, converting the 
20 leakage lights by the second photo-detector into an electric signal, demodulating the electric signal into a voice signal 
by a second voice unit converting a voice into an electric signal by a second microphone, and vibrating the loop by a 
vibrator according to the electric signal from the second microphone, thereby carrying out a conversation between the 
optical transceiver and the local unit 

[0063] A twenty-second aspect of the present invention adds, to the twenty-first aspect, the step of inserting a delay 
2S unit in the loop or between the loop and the optical transceiver, to delay the lights propagated through the loop. 

[0064] Even if the second work point is at the midpoint of the optical-fiber loop, the twenty-second aspect surely 
causes a phase difference between the lights oppositely propagated through the loop and surely detects a signal 
applied to the loop by the local unit, according to the signal from the first photo-detector. 

[0065] A twenty-third aspect of the present invention adds, to any one of the twenty-first and twenty-second aspects, 
so the steps of FM-modulating a light from the light source by the driver of the optical transceiver, AM-demodulating a sig- 
nal from the first photo-detector into a voice signal by the first voice unit of the optical transceiver, and FM-demodulating 
a signal from the second photo-detector into a voice signal by the second voice unit of the local unit 
[0066] This aspect employs different modulation techniques for a signal from the optical transceiver to the local unit 
and for a signal from the local unit to the optical transceiver, so that each of the optical transceiver and local unit may 
35 dearly reproduce voice from a signal sent from the opposite party without crosstalk. 

[0067] Other and further objects and features of the present invention will become obvious upon an understanding of 
the illustrative embodiments about to be described in connection with the accompanying drawings or will be indicated 
in the appended claims, and various advantages not referred to herein will occur to one skilled in the art upon employing 
of the invention in practica 

40 

Brigf Description pf fhft prawingg 
[0068] 

45 . Figure 1 is a block diagram showing an apparatus for detecting a signal/vtoration based on optical interference 
according to an embodiment of the present invention; 

Figs. 2A to 2D are waveform diagrams showing various signals in the apparatus of Fig. 1 ; 
Rg. 3 is a block diagram showing a use of the apparatus of Fig. 1; 

Figs. 4A and 4B are waveform diagrams showing a vtoration signal and phase shifts caused in propagated lights 
so by the vibration signal according to the embodiment of Fig. 1 ; 

Figs. 5A to 5C are waveform diagrams showing output signals of a photo-detector of the apparatus of Fig. 1 that 
change in response to applied vibration; 

Fig. 6 is a block diagram showing an apparatus for detecting a signal/vtoration based on optical interference 
according to another embodiment of the present invention ; 
55 Rg. 7 is a block diagram showing an apparatus for detecting a signal/vtoration based on optical interference 
according to still another embodiment of the present invention; 

Fig. 8 is a block diagram showing a test model of an apparatus for detecting a signal/vtoration based on optical 
interference according to the present invention; 
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. Rg. 9 is a block diagram shoJ^ffanother test model of an apparatus for detecting a signal/vibration based on opti- 
cal interference according to the present invention; 

Rg. 10 is a block diagram showing an apparatus for identifying a target optical fiber cable according to still another 
embodiment of the present invention; 

Rg. 11 is a block diagram showing an optical transceiver applicable to the apparatus of Rg. 1 0; 

Rg. 1 2 is a block diagram showing an apparatus for identifying a target optical fiber cable according to still another 

embodiment of the present invention ; 

Rg: 1 3 is a block diagram showing an optical transceiver applicable to the apparatuses of Rgs. 1 0 and 12; 

Rg. 14 is a block diagram showing an apparatus for identifying a target optical fiber according to still another 

embddiment of the present invention; 

Rg. 15 is a block diagram showing an apparatus for identifying a target optical fiber according to still another 
embodiment of the present invention; 

Rg. 1 6 is a block diagram showing an optical transceiver applicable to the apparatuses of Rgs. 1 4 and 1 5; 
Rg. 17 is a block diagram showing an optical transceiver having a communication function applicable to the appa- 
ratuses of Rgs. 14 and 15; 

. Rg. 18 is a block diagram showing a local unit having a communication function applicable to the apparatuses of 
Rgs. 14 and 15; 

Rg. 19 is a block diagram showing a local unit having a communication function applicable to the apparatuses of 
Rgs. 14 and 15; 

Rg. 20 is a block diagram showing an optical transceiver having a communication function applicable to the appa- 
ratuses of Rgs. 14 and 15; and 

Rg. 21 is a block diagram showing a local unit having a communication function applicable to the apparatuses of 
Rgs. 14 and 15. 

PfltBiW Description pf ftp EmfrpdiTOnfr 

[0069] Various embodiments of the present invention will be described with reference to the accompanying drawings. 
It is to be noted that the same or similar reference numerals are applied to the same or- similar parts and elements 
throughout the drawings, and the description of the same or similar parts and elements will be omitted or simplified. For 
the sake of simplicity, each light source is DC-modulated if not specifically mentioned, and each splitter-coupler has 
equal splitting and coupling efficiencies. 

[0070] Rgure 1 shows an apparatus for detecting a signal/vibration based on optical interference according to an 
embodiment of the present invention. A light source 1 is a laser diode which is excited by a driver 10 and emits a laser 
light The light is split by a splitter-coupler 2, and the split lights are made incident to open ends of a loop 3 made of the 
plurality of optical fibers so that the split lights are oppositely propagated through the loop in the clockwise direction A 
and counterclockwise direction B. Hereinafter, the light propagated in the clockwise direction A is referred to as the light 
A or wave A, and the light propagated in the counterclockwise direction as the light B or wave B. After propagation 
through the loop, the lights A and B are coupled together so that they interfere with each other. The interfering lights are 
detected by a photo-detector (photo-detector) 5 made of a photodiode. The photo-detector 5 converts the interfering 
lights into an electric signal that indicates the intensity of the interfering lights. The electric signal is amplified by. an 
amplifier 1 1 , and the amplified signal is provided outside. 

[0071] Rgures 2A to 2D show phases of the lights A and B oppositely propagated through the loop 3. Rgure 2A shows 
the lights A and B just split by the splitter-coupler 2 with the splitter-coupler 2 being an optical fiber coupler. Since a 
cross port of the optical fiber coupler causes a phase shift of n/2 to the light passing there, there is a shift of */2 between 
the phases of the lights A and B. Rgure 2B shows waveforms of the lights A and B oppositely propagated through the 
loop 3 and reached the splitter-coupler 2. Although the lights A and B are oppositely propagated, the lights pass through 
the same optical path, i.e., the loop 3, and therefore, they receive the same loss and phase change due to the reversi- 
bility of light. Accordingly the lights A and B have substantially equal amplitudes and phases except the phase differ- 
ence of Rg. 2A. After the opposite propagation, the lights A and B are coupled together by the splitter-coupler 2 so that 
they interfere with each other as shown in Rg. 2C. When the light B passes through the cross port of the splitter-coupler 
2, its phase is again shifted by n/2, and therefore, the phases of the lights A and B are shifted by n in total with respect 
to each other. 

[0072] If the wavelength of the light emitted by the light source 1 is 1 .3 urn, a period thereof is 4x1 0' 1 5 sec because 
the velocity of light in vacuum is about 300,000 km/sec. Accordingly, the abscissa of each of Rgs. 2A to 2C represents 
a time span of about 10* 15 sec. 

[0073] Generally, photo-detectors (photo-detectors) convert only the intensity of a light into an electric signal and do 
not convert the phase thereof. As a result, the photo-detectors provide a constant DC signal corresponding to a DC sig- 
nal of a light source. When the splitter-coupler 2 is an optical fiber coupler, the lights A and B involve a phase difference 
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of 7i after they are opposrtely f^lgated through the loop 3. Therefore, under nearl^Ral conditions, the output of the 
splitter-coupler 2 is as shown in Fig. 2D. 

[0074] Figure 3 is a block diagram showing the apparatus of Fig. 1 with vibration being applied to a part of the loop 
3. The light source 1 is excited by the driver 10 and emits a light, which is split by the splitter-coupler 2 into lights A and 
5 B. The fights A and B are propagated clockwise and counterclockwise, respectively, through the loop 3 and are sub- 
jected to vibration at a vibration point P. The oppositely propagated lights A and B are coupled by the splitter-coupler 2 
so that they interfere with each other. The interfering lights are converted by the photo-detector 5 into an electric signal 
that indicates the intensity of the interfering lights. The electric signal is amplified by the amplifier 11 and is provided 
outside. 

10 [0075] Changes on the lights A and B due to the vibration will be explained with reference to Figs. 4A and 4B. Figure 
4A shows a waveform V of the vibration applied to the vibration point P of the loop 3. Due to the vibration, the loop 3 
locally contracts and expands to change the length thereof, i.e., the length of the optical path of the lights A and B. As 
a result, the phases of the lights A and B are changed at the vibration point P depending on the amplitude of the vibra- 
tion signal V as shown in Eg. 4B. Since the lights A and B are oppositely propagated through the loop 3, they oppositely 

15 receive an equal phase shift due to the change in the length of the optical path. Thereafter, the lights are coupled by the 
splitter-coupler 2 into interfering lights, which are converted by the photo-detector 5 into an electric signal that indicates 
the intensity of the interfering lights. The electric signal is amplified by the amplifier 1 1 and is provided outside. 
[0076] Figures 5A to 5C show the phases of the lights A and B oppositely propagated through the loop 3. The phases 
of the lights A and B arriving at the splitter-coupler 2 are shifted from each other as shown in Fig. 5A. The phase shift 

20 corresponds to a delay time t1 that corresponds to the difference between the distances for which the lights A and B 
travel from the vibration point P to the splitter-coupler 2. The splitter-coupler 2 couples the received lights A and B into 
interference waves whose envelope E changes according to the amplitude of the applied vibration, as shown in Fig 5B. 
Light is a wave having a period of about 1 0" 15 sec. and therefore, a change in the intensity of light is expressed with an 
amplitude envelope E in a time span of about 10" 4 sec. The photo-detector 5 provides an electric signal F whose wave- 

25 form is substantially equal to the vibration waveform applied to the loop 3, as shown in Fig. 5C. If there is no vibration, 
the photo-detector 5 provides an electric signal of nearly zero as shown in Fig. 2D. 

[0077] If the difference between the distances for which the lights A and B must travel from the vibration point P to the 
splitter<oupler 2 is zero, i.e., if the vibration point P is at the midpoint of the loop 3, the lights A and B are vforated at 
the same time and simultaneously arrive at the splitter-coupler 2. In this case, the phases of the lights A and B are 
so equally influenced by the vforation, and the phase difference between them (Fig. 5A) becomes nearly zero. Then, no 
phase shift is observed in the interfering lights made of the lights A and B, and therefore, it js impossible to detect the 
vibration. 

[0078] If the vibration signal is of 1 kHz to 1 MHz, a signal period thereof is 10" 3 to 10" 6 sec, and therefore, the 
abscissa of any one of Figs. 5A to 5C represents a time span of about 10" 3 to 10" 6 sec. If the difference between the 
35 distances the lights A and B must travel from the vibration point P to the splitter-coupler 2 is 1 km. the delay time t1 is 
about 10" 6 sec because a group velocity in the optical fiber is about 200,000 knVsec. 

[0079] The apparatus for detecting a signal/vibration based on optical interference of the present invention will be 
explained with mathematical expressions. For the sake of simplicity of explanation, it is assumed that the light source 1 
is a laser diode that emits a DC-modulated light and the splitter-coupler 2 is a 3-dB optical coupler whose splitting and 

40 coupling efficiencies are equal to each other. 

[0080] A light from the light source 1 is split by the splitter-coupler 2 into lights A and B of substantially the same 
power. The lights A and B are oppositely propagated through the loop 3 and are coupled together by the splitter-coupler 
2 into interfering lights. The interfering lights are detected by the photo-detector 5, which is a photocfiode and provides 
an electric signal representing the intensity of the interfering lights. 

45 [0081] Since the lights A and B are generated at the same time by the same light source 1 and are oppositely prop- 
agated through the same loop 3, they simultaneously arrive at the splitter-coupler 2 and are coupled together thereby. 
If no phase shift is applied to the lights A and B, the lights interfere with each other at the same phase in the splitter- 
coupler 2. When a vtorator 6 applies vibration to the vibration point P of the loop 3, the loop 3 locally expands and con- 
tracts, to change the phases of the lights A and B at the same period as that of the vibration. 

so [0082] In Fig. 4B, <K0 is a phase shift applied by the vibrator 6 at the vibration point P to the electric field of a light 
propagated through the loop 3. The fight A is emitted by the light source 1 at a certain time point and is propagated 
through the loop 3. The phase of an electric field of the light A is shifted by the vibrator 6 at the vfcration point P at time 
ta. The light B is emitted by the light source 1 simultaneously with the light A and is oppositely propagated through the 
loop 3. The length of an optical path to the vibration point P for the light B is longer than that for the light A. and therefore, 

55 the fight B arrives the vibration point P temporally behind the light A and the phase of the electric field of the Oght B is 
shifted by the vibrator 6 at time tb. As a result, a phase shift 4<ta) in the electric field of the light A differs from a phase 
shift <|>(tb) in the electric field of the light B due to the difference between ta and tb. The difference between ta and tb is 
dependent on the position of the vibration point P in the loop 3 and corresponds to the difference between the phase 
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shifts «ta) and <Mtb). 

[0083] The phases of the electric fields of the lights A and B are shifted at the vibration point P. and the lights A and 
B are coupled together by the splitter-coupler 2. Figure 5A shows the waveforms of the phases of the electric fields of 
the lights A and B arrived at the photo-detector 5. 

[0084] At the vibration point P. the light A receives the phase shift 4>(ta) and the light B the phase shift <Ktb). An angular 
frequency of light is coo. and the amplitudes of the electric fields of the lights A and B entering the loop 3 from the splitter- 
coupler 2 are A and B, respectively. The lengths of clockwise and counterclockwise optical paths of the lights A and B 
along the loop 3 are equal to each other. The influence of polarization is ignored for the sake of simplicity of calculations. 
[0085] The electric field of the light A phase-shifted by the vibrator 6 and arrived at a receiving face of the photo-detec- 
tor 5 is expressed as follows: 

Ea(t) = Acos(<» 0 t + Mt Q )) (1) 

[0086] In the splitter-coupler 2, the phases of coupled lights at a cross port are n/2 behind those of emitted lights at 
a through port. Since the light B is passed through the cross port of the splitter-coupler 2 twice, the electric field of the 
light Bis expressed as follows: 

EbW^Bcosfmot + WttJ-n) (2) 

[0087] The photo-detector 5 receives the overlapping of the electric fields of the expressions (1 ) and (2), and an opti- 
cal current of the received fights is proportional to the power of the lights. Therefore, an output current I of the photo- 
detector 5 is expressed as follows: 

UP = [Ea(t) + Eb(t)] 2 
= [Acos(<o 0 t + WJ) + Bcosfa 0 t + Wbh*)]* 
=A 2 cos 2 (o> 0 t + MJ) + B 2 cos 2 (w 0 t + M^-*; . 

+ 2ABcos(<i> 0 i+Mt a ))cos(<a 0 t + Wt b )*) (3) 

[1 + cos2(<o 0 t + WJ)] + f [1+cas2(o> 0 r + 4>{t b )-n)] 
+ 2AB[co$<Q 0 tcos^(t J-sinG) 0 tsin^(t JMcosvQtcosfoft^ysin&QtsinfafttJ-it)) 

[0088] This expression is developed and rearranged, and a term related to an optical angular velocity that the photo- 
detector 5 is unable to detect is ignored. Then, the output current I is expressed as follows: 

2 2 

la: T^T tABcosMta) '* (t ^ n) (4) 

[0089] This expression shows that a signal reproduced from the optical current involves a change of [$(ta) - 4>(tb) + n | 
that corresponds to a phase shift 4>(t) at the vibration point P, i.e., a change in the amplitude of the vibration at the vibra- 
tion point P. 

[0090] If the vibration point P is at the midpoint of the loop 3, 4>(ta) = <t>(tb) to make the difference zero. In this case, 
the expression (4) provides a constant to cause no change in the output of the photo-detector 5. If the level of the signal 
reproduced from (${ta) - 4>(tb) + n | is smaller than a noise level, it is impossible to detect the signal. To secure the level 
of the reproduced signal so that the signal is detectable. ft(ta) - <|>(tb) + * I must sufficiently be large. For this purpose, 
an optical delay unit 7 is installed at the midpoint of the loop 3 as shown in Fig. 6. The delay unit 7 is made of a drum 
of an optical fiber whose length is dependent on the properties of the apparatus. The delay unit 7 secures a sufficient 
time difference of la - tb" so that the reproduced signal based on the output of the photo-detector 5 is surely detectable. 
[0091] In the embodiments mentioned above, the light source 1 emits a light to the splitter-coupler 2, and the photo- 
detector 5 converts the output of the splitter-coupler 2 into an electric signal, which is used to detect a physical change 
or vibration applied to the loop 3. The light source 1 , driver 1 0, photo-detector 5, amplifier 1 1 , etc., may be arranged in 
a signal processing unit. In this case, the apparatus of the present invention is provided with an optical input terminal 8 
for supplying an optical signal to the splitter-coupler 2 and an optical output terminal 9 for receiving an optical signal 
from the splitter-coupler 2, as shown in Fig. 7. The input and output terminals 8 and 9 are connected to the signal 
processing unit that contains the light source, driver, photo-detector, amplifier, etc. 
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, [0092] A concrete example offle apparatus for detecting a signal/vibration based on optical interference according 
to the present invention will be explained. A single-mode optical f foer (SMF) of 1 0 km in length and 1 .3 in wavelength 
is looped, and ends of the loop are connected to an optical coupler. The optical coupler is connected to a 1 .3-jim sem- 
iconductor laser and a PID photo-detector, thereby forming the apparatus for detecting a signal/vibration based on opti- 
5 cal interference. 

[0093] The semiconductor laser is connected to a continuous-wave oscillator to continuously oscillate the laser in 
response to a DC signal. The PID photo-detector is connected to an amplifier whose output is observed with an oscil- 
loscope. 

[0094] A 1 0-kHz vibrator is connected to a small speaker, which is connected to a part of the loop. When the vibrator 
io generates a 1 0-kHz vibration signal, one can observe a corresponding 10-kHz signal on the output of the amplifier with- 
out distortion. 

[0095] To determine an optimum structure for the apparatus for detecting a signal/vibration based on optical interfer- 
ence, many tests were carried out. Results of the tests will be explained. 



[0096] Figure 8 shows a basic test system. Two optical f foers 21 and 22 are each 20 km long. Ends of the optical fibers 

21 and 22 are connected to a master unit 23 through optical connectors 24. The other ends of the optical fibers 21 and 

22 are connected to supplemental optical fibers 25 and 26 each of 2 m long. A part of the optical fiber 26 is formed a 
20 bend 27, and a local unit 28 is attached thereto. The other ends of the optical fibers 25 and 26 are connected to an opti- 
cal delay unit 29 of 2 km long. 

[0097] The optical fibers are each a single mode ftoer (SMF), and the optical connectors are each an FC connector. 
[0098] The master unit 23 incorporates a DFB (distributed feedback) laser diode of 1 .55 in wavelength serving as 
the light source 1 of Figs. 3 and 6, a pulse unit (serving as the driver 10) for carrying out a 20-kHz pulse modulation, a 
25 photodiode serving as the photo-detector 5, a splitter/coupler (2), and an amplifier (1 1 ) for amplifying an electric signal 
provided by the photo-detector ,5. The master unit 23 also has a microphone terminal 30 for superposing, on a light 
emitted from the light source 1 , a voice signal provided by a microphone, and an earphone terminal 31 for an earphone 
for converting a signal from the amplifier 1 1 into a voice signal. 

[0099] The local unit 28 has a photo-detector (not shown) for receiving leakage lights from the bend 27, an earphone 
so terminal 32 for an earphone for converting an electric signal from the photo-detector into a voice signal, and a micro- 
phone terminal 33 for applying vibration to the bend 27 according to a voice signal provided by a microphone. 
[0100] To carry out a test with the arrangement of Fig. 8, a signal is applied to the microphone terminal 33 of the local 
unit 28, and the output of the earphone terminal 31 of the master unit 23 is measured by a spectrum analyzer. The input 
signal applied to the local unit 28 is a sine wave of 1 kHz and 40 mV RMS. 
35 [0101] A comparison test is made with a 1.55-nm DFB laser diode serving as the light source 1 and a continuous- 
wave oscillator serving as the driver 10 to make the laser diode continuously emit a light Other conditions are the same 
as those of the main test. 

[01 02] Test results show that the main test with the laser source 1 emitting a 20-kHz pulse light is superior, in S/N ratio 
by about 30 dB, to the comparison test with the laser source 1 emitting a continuous light. 



[0103] The test 1 shows that the 20-kHz pulse light is effective as a source light Accordingly, test 2 employs the 20- 
kHz pulse light and changes the type of the source light and measures the spectrum waveform of a reproduced signal. 
45 The other arrangements of the test 2 are the same as those of the test 1. The input signal to the local unit 28 is a 1 -kHz, 
40-mV RMS sine wave. 

[01 04] The 1 .55-jim DFB laser diode found to be effective in the test 1 , a 1 .55-|im Fabry-Perot laser diode, a 1 .55-fim 
SLD, and a 1 band ASE (a broad optical output from an optica) amplifier) are used one after another as the light 
source 1. 

so [0105] Results of the tests show that the DFB laser diode of high coherency is optimum. The test results also show 
that the other light sources are applicable depending on using conditions. 



55 [0106] This test examines a proper length tor the optical delay unit 29 of Fig. 8. The light source 1 is a DFB laser diode 
that provides a 20-kHz pulse light The length of the delay unit 29 is changed among 1 , 2, 3, and 4 km. The input signal 
to the local unit 28 is a 1 -kHz, 40-mV RMS sine wave. 

[0107] Test results show that 2 km and uppers are effective for the delay unit 29. 



is Test 1 



40 



Test 2 



Test 3 



11 



EP0 953 830 A2 ^ 

[0.108] According to the tests 1 ^^an optimum system for making the master unit 23correctly reproduce a voice 
signal applied by the local unit 28 to the optical-fiber loop may employ: 

a DFB laser diode as a light source; 
5 a pulse light emitted from the DFB laser diode; and 
an optical delay unit of about 2 km long. 

Test 4 

10 [0109] Figure 9 shows a test system employing no optical delay unit 29. The difference between optical paths in direc- 
tions A and B from a local unit 28 to a master unit 23 in an optical-fiber loop 35 is changed between 20 km and 40 km 
to examine a change in the characteristics of the master unit 23 of reproducing a voice signal applied by the local unit 
28. In Fig. 9, the same parts as those of Fig. 8 are represented with the same reference marks. 
[01 10] A result of the test shows that the longer the optical path difference, the larger the amplitude of a reproduced 

is signal. It is preferable, therefore, that the local unit 28 must be positioned so as to maximize the optica) path difference. 
[011 1] Each apparatus of the present invention mentioned above is capable of faithfully reproducing vibration applied 
to an optical-f toer loop. Therefore, the apparatus is applicable to carry out a conversation between the optical trans- 
ceiver (master unit) 23 and the local unit 28 by converting a voice signal into an electric signal at the local unit, vibrating 
the loop according to the electric signal, and reproducing the voice signal from the vibration at the master unit and by 

20 converting a voice signal into an electric signal at the master unit, modulating an optical signal according to the electric 
signal at the master unit, and reproducing the voice signal from the modulated optical signal at the local unit 
[01 1 2] The splitter-coupler of any one of the embodiments of the present invention may be made of an optical fiber 
coupler, an optical wave guide coupler, a half-mirror system, etc. The optical-fiber loop of any one of the embodiments 
may be made of single-mode optical fibers or multi-mode optical fibers. If the latter are employed, each optical fiber 

25 must be short and vibration applied thereto must be of low frequency. The light source of any one of the embodiments 
may be a laser or any other such as an LED. If the LED is employed, each optical fiber must be short and vibration 
applied thereto must be of low frequency. Instead of vibration, any other physical change such as a shock may be 

. - ; applied to.the optical-fiber loop so that the apparatus of the present invention may detect the physical change according 
to a corresponding phase shift in propagated lights. The optical-fiber loop as a whole may serve as a part for sensing a 

so physical quantity. To improve sensitivity,.optical fibers may be arranged in multiple loops. The loop or loops may have a 
converting element such as an electro-optic sensor for sensing an electric field and a magnetic field and a physical- 
optic sensor for sensing pressure, to efficiently convert a physical quantity into a phase shift of propagated lights. 
[01 1 3] An apparatus for identifying a target optical fiber cable among many according to the present invention will be 
explained. This apparatus utilizes the principle of the technique for detecting signal/vibration based on the optical inter- 

35 ference of the light propagating through the optical fiber loop set forth above. At a work site in, for example, a manhole, 
one must identify a target optical fiber cable among many cables laid at the site. The target cable may be a cable to be 
replaced or removed. At the start of the work, the target cable to be removed or replaced is disconnected from light 
transmitting and receiving devices equipped in a telephone station or relay station, and the work is successively carried 
out from a site to another. Accordingly, both ends of the target cable are known. However, at each intermediate site, it 

40 is difficult to identify the target cable because many cables are laid at each site. To easily identify the target cable, the 
present invention provides an apparatus of Fig. 10. 

[0114] The apparatus of Fig. 10 employs an optical transceiver 101 installed at an end of a target optical fiber cable 
103. The optical transceiver 101 is connected to arbitrary two optical fibers 105 and 106 contained in the target cable 
103. At a work she, a vibrator 1 02 successively vibrates cables laid at the site one after another. At the other end 104 
45 of the target cable 103, the optical ftoers 105 and 106 are connected to each other through an optica) connector 107 to 
form a loop. 

101 1 5] 1 The optical transceiver 1 01 makes lights incident to the optical fibers 105 and 106 so that the lights are oppo- 
sitely propagated through the loop of the optical fbers 105 and 106, receives the propagated lights, detects a vibration 
signal in the received lights, and determines whether or not the cable vforated by the vibrator 102 is the target cable 
so 103. The optical transceiver 101 mainly consists of a light source 111 for emitting a laser light, a splitter-coupler 112, 
and a photo-detector (photo-detector) 113. 

[0116] To identify the target cable 103, the optical transceiver 101 is connected to one ends of the optical fibers 105 
and 106 contained in the target cable 103. The other ends of the optical fibers 105 and 106 are connected to each other 
through the connector 107 to form a loop. At a work site, the vtorator 102 vforates cables laid at the site one after 
55 another. If the cable being vibrated is the target cable 103, the optical transceiver 101 detects it. This will be explained 
in more detail. 

[0117] The light source 1 1 1 emits lights A and B into the optical ffoers 105 and 106 so that the lights A and B are 
oppositely propagated through the loop of the optical f foers 1 05 and 1 06. 
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. [0118] The propagated lights^^d B interfere with each other at the splitter-coupte™2 l the interference being con- 
" stent as long as no vforation is applied by the vibrator 102 to the loop. If the vibrator 102 vibrates the loop, a change 
occurs in the interference. The change is detectable by observing a signal from the photo-detector 113. The photo- 
detector 1 1 3 receives the interfering lights and converts them into an electric signal. The waveform of. the electric signal 
5 can be observed on an oscilloscope. The electric signal can iightplified and converted into sound, which can be heard 
on a speaker. Also, the electric signal can be analyzed by a spectrum analyzer. 

[01 1 9] The vibrator 1 02 vibrates cables one after another, and the optical transceiver 101 recognizes when the target 
cable 103 is vibrated according to a change in the interfering lights. 

[01 20] Figure 1 1 shows the details of the optical transceiver 1 01 . Optical connectors 1 1 5A and 1 1 5B are connected 
w to two optical fibers contained in a target cable. An isolator 1 16 is a directional optical coupler. The light source 1 1 1 is 
a light emitting diode or a laser diode. The isolator 1 16 transfers a light from the light source 1 1 1 to the splitter-coupler 
112 and blocks any light from the splitter-coupler 1 12 to the light source 1 1 1 . A power stabilizer 117 makes the light 
source 1 1 1 emit a pulse light and stabilizes the power of the pulse light A modulator 1 19 FM -modulates the pulse light 
according to an oscillation frequency of an oscillator 1 18. If required, the light source 1 1 1 may be DC-oscillated. In this 
75 case, the modulator 1 19 is omitted. 

[0121] The splitter-coupler 1 12 receives a light from the isolator 1 16, splits the light, and transfers the split lights to 
the optical connectors 1 15A and 1 15B. Also, the splitter-coupler 1 12 receives lights from the optical connectors 11 5 A 
and 1 1 5B, couples the lights so that they interfere with each other, and transfers the interfering lights to the photo-detec- 
tor 1 1 3. The photo-detector 1 1 3 converts the interfering lights into an electric signal, which is amplified by an amplifier 
20 119. 

[0122] The output of the amplifier 1 19 is converted into a voice signal by a speaker 120 and an earphone 121 so that 
one may hear sound. The output of the amplifier 1 19 is also supplied to an output terminal 122, which is connected to 
an oscilloscope 123. The oscilloscope 123 displays an waveform of the output of the output terminal 122. 
[0123] K the vibrator 102 (Fig. 10) is close to the midpoint of the loop of the optical fibers 105 and 106, optical paths 
25 for lights oppositely travelling from the vibration point toward the optical transceiver 1 01 will be equal to each other. This 
minimizes a change in the interference between the lights A and B. 

[0124] To solve this problem, an arrangement of Fig. 12 of the present invention inserts an optical delay unit 1 08 in 
place of the optical connector 107 (Fig. 10) between the optical fibers 105 and 106, to produce a large difference 
between the optical paths for lights oppositely travelling from the vibration point toward the optical transceiver 101 . This 

$o improves the correctness of the optical transceiver 101 in identifying a target cable. 

[01 25] Figure 1 3 shows a simple optical transceiver 1 0 1 applicable to the apparatuses of Figs. 1 0 and 1 2. The optical 
transceiver 101 has a splitter-coupler 112 that operates like that of Fig. 11, optical connectors 115A and 115B con- 
nected to ends of optical fibers, an optical input terminal 141 , and an optical output terminal 142. 
[0126] To identify a target cable, the input terminal 141 is connected to an external tight source 144. the light source 

35 1 44 may be a laser diode or an LED, which is driven by an oscillator 143. The Tight source 144 emits a light into the input 
terminal 141. 

[01 27] The output terminal 142 is connected to an optical oscilloscope 145 to directly display a waveform of interfering 
lights. The output terminal 142 may be connected to an O/E converter 146 for converting an optical signal from the out- 
put terminal 1 42 into an electric signal whose waveform is displayed on an oscilloscope 1 47. 
40 [0128] The optical transceiver 101 is capable of identifying a target cable like those of Figs. 10 to 12. 

[0129] In any one of the above embodiments, arbitrary two optical f foers to form a loop may be both in a target cable, 
or one in the target cable and the other in another cable in the same route, or one in the target cable and the other in 
another cable in a different route. 

[01 30] Figure 1 4 shows an apparatus for identifying a target optical f toer according to still another embodiment of the 
45 present invention. This apparatus also utilizes the principle of the technique for detecting signal/vibration based on the 
optical interference of the light propagating through the optical fiber loop. 

[0131] The apparatus identifies a target optical fiber among optical fibers contained in a given cable. If required, the 
identified optical ftoer is used to carry out a conversation. 

[0132] The apparatus consists of an optical transceiver 201 , which has a light source 21 1 for emitting a laser light a 
so splitter-coupler 212, and a photo-detector (photo-detector) 213. 

[01 33] If it is required only to identify a target optical fiber, a local unit 203 may be the vibrator 1 02 of Fig. 1 0. 

[0134] The optical transceiver 201 is connected to ends of optical fibers 202 A and 202B contained in an optical fiber 

cable 202. One of the optical fibers 202A and 202B is a target optical f iber. The other ends of the optical fibers 202A 

and 202B are connected to each other through an optical connector 204 to form a loop. 
55 [0135] Lights A and B are oppositely propagated through the loop. If the local unit 203 applies no vibration to the loop, 

the lights A and B cause a constant interference. If the local unit 203 applies vibration to the loop, a change is caused 

in the interference between the lights A and B, and the change appears in a signal provided by the optical transceiver 

201. 
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[0136] The local unit 203 is o^feed at a work site to vibrate optical fibers contained in the cable 202 one after 
another. At a site where the optical transceiver 201 is installed, a signal from a speaker attached to the optical trans- 
ceiver 201 or a waveform on an oscilloscope connected to the optical transceiver 201 is observed to identify the target 
optical ffoer. 

5 [0137] If the local unit 203 is at the midpoint of the loop, i.e., if optical paths for lights oppositely travelling from the 
local unit 203 toward the optical transceiver 201 are equal to each other, the difference between the optical paths is 
nearly zero to cause no phase difference between the lights even if vibration is applied to the loop by the local unit 203. 
In this case, no phase change is observed in the interference of the propagated lights, and therefore, it is impossible to 
detect the vibration. To solve this problem, the present invention provides an arrangement of Fig. 15. This embodiment 

io employs an optical delay unit 205 in place of the optical connector 204 (Fig. 14) between the optical fibers 202A and 
202B. The delay unit 205 is made of an optical fiber coil of, for example, 2 km long that is dependent on requirements. 
[0138] Figure 16 shows a simple optical transceiver 201 applicable to the apparatuses of Figs. 14 and 15. Optical 
connectors 21 5 A and 2 1 5B are connected to optical f bers one of which is a target optical fiber. An optical input terminal 
216 is connected to a light source 221 such as a laser diode. An oscillator 220 modulates a light emitted by the light 

is source 221 , and the modulated light is transferred to the input terminal 21 6. A splitter-coupler 212 provides interfering 
lights to an optical output terminal 217. 

[0139]- The splitter-coupler 212 splits a light from the input terminal 216 and supplies the split lights to the optical con- 
nectors 21 5A and 21 5B, respectively. The splitter-coupler 212 couples lights from the optical connectors 21 5A and 
21 5B so that they interfere with each other and supplies the interfering lights to the output terminal 21 7. The optical con- 

20 nectors 215A and 215B, input terminal 216, output terminal 217, and splitter-coupler 212 are formed in one body. 
[0140] The output terminal 21 7 is connected to an optical oscilloscope 222 that directly displays the waveform of inter- 
fering lights provided by the output terminal 217. The output terminal 217 may be connected to an O/E converter 223 
that converts the interfering lights from the output terminal 21 7 into an electric signal whose waveform is displayed on 
an oscilloscope 224. 

2S [0141 ] Combinations of the apparatus for identifying a target optical fiber and an optical fiber communication appara- 
tus according to the present invention will be explained. Each combination is based on one of the embodiments of Figs. 
14 and 15. This apparatus also utilizes the principle of the technique for detecting signal/vibration based on the optical 
interference of the light propagating through the optical.fber loop. 

[0142] Figure 17 shows an optical transceiver 201 and Fig. 18 shows a local unit 203, for identifying a target optical 
so fiber and carrying out a conversation through the target optical fiber. The local unit 203 forms a bend 300 at a part of 
an arbitrary optical fiber among many contained in a cable 202. The local unit 203 has a photo-detector 301 for receiv- 
ing leakage lights from the bend 300, and a vibrator 302 for vibrating the optical fiber. 

[0143] The details of the optical transceiver 201 will be explained. Optical connectors 215A and 21 5B are connected 
to two optical fibers 202A and 202B one of which is a target optical fiber. The other ends of the optical fibers 202A and 
35 202B are connected to each other to form a loop. An isolator 216 transfers a light from a light source 21 1 to a splitter- 
coupler 212 and blocks any light from the splitter-coupler 212 to the light source 21 1 . The light source 211 is a laser 
diode and is driven by a power stabilizer 21 7, to emit a pulse light of constant power at predetermined intervals. The 
power stabilizer 217 may be a pulse FM circuit of simple structure. 

[0144] A modulator 219 FM-modulates a pulse signal provided by the power stabilizer 21 7 according to a voice signal 

40 that is provided through a microphone 220 and an amplifier 221 . 

[0145] A photo-detector (photcKletector) 21 3 is a photodiode. The splitter-coupler 212 couples lights oppositely prop- 
agated through the optical-fber loop so that the lights interfere with each other. The photo-detector 213 converts the 
interfering lights into an electric signal. An amplifier 222 amplifies the electric signal. A demodulator 223 AM-demodu- 
lates the amplified signal and provides a voice-band signal, which is processed by an earphone 224 into a voice. 

45 Instead of the earphone 224, a speaker 225 may reproduce the voice. 

[0146] Figure 1 9 shows a concrete example of the local unit 203 of Fig. 1 8. On the receiver side of the local unit 203, 
a bender 303 forms a bend 300 on the optical ffoer 202A. A photo-detector (photo-detector) 301 receives leakage lights 
from the bend 300 ami converts them into an electric signal. An amplifier 304 amplifies the electric signal. A demodu- 
lator 305 is an FM demodulator which FM-demodulates the electric signal into a voice signal originated by the optical 

sa transceiver 201 . The voice signal is amplified by an amplifier 306. The amplified signal is converted into voice by an ear- 
phone 307 or a speaker 308. 

[0147] The local unit 203 has a vibrator 302, which may be an audio speaker. Vibration on a cone sheet of the speaker 
dirtily vforates the optical fiber 202A. Accordingly, the transmitter side of the local unit 203 only includes a microphone 
311 and a driver 312. 
55 [0148] A method of identifying a target optical fiber will be explained. 

[0149] To identify a target optical fiber, any one of the arrangements of Figs. 14 and 15 is employed. Ends of the opti- 
cal fibers 202A and 202B, one of which is the target optical fiber, are connected to each other through the optical con- 
nector 204 or the optical delay unit 205, to form a loop. The local unit 203 is installed at a work site, and the vibrator 302 
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is attached to one of the opticJ^rs contained in the cable 202. The bender 303 fo^R bend 300 on the optical ftoer. 
[0150] The optical connectors 215A and 215B of the optical transceiver 201 are connected to the optical ftoers 202A 
and 202B. 

[0151] In the optical transceiver 201, the power stabilizer 217 drives the light source 211 to emit a pulse laser light of 
5 constant power. The splitter-coupler 212 splits the light and makes the split lights incident to the optical ffoers 202A and 
202B, respectively, so that the split lights are propagated clockwise and counterclockwise, respectively, through the 
loop of the optical fibers 202A and 202B. At this time, the microphone 31 1 of the local unit 203 provides a sound signal, 
e.g., a 1 -kHz sine wave. According to the sound signal, the vibrator 302 vibrates the optical fibers contained in the cable 
202 one after another! 

io [0152] In the optical transceiver 201, the splitter-coupler 212 couples the oppositely propagated lights so that they 
interfere with each other. The photo-detector 213 converts the interfering lights into an electric signal, and the amplifier 
222 amplifies the electric signal. The amplified signal is transferred to the demodulator 223. 
[01 53] The 1 -kHz vibration signal applied by the vibrator 302 to the optical-fiber loop is audible. Therefore, if the elec- 
tric signal provided by the photo-detector 213 includes the vibration signal, the demodulator 223 reproduces the audible 

75 vibration signal so that one can hear the sound through the earphone 224 or speaker 225 and determine whether or 
not the optical fiber now being vibrated by the vibrator 302 of the local unit 203 is the target optical fiber. 
[01 54] It is effective to carry out the works of identifying the target optical f foer on the conditions of the test 3 set forth 
above. 

[0155] Once the target optical fiber, i.e., one of the optical fibers 202A and 202B is identified, the optical-fiber loop 
20 that contains the target optical f her is used to carry out a conversation between the optical transceiver 201 and the local 
unit 203. This will be explained. 

[01 56] The optical transceiver 201 and local unit 203 employ the microphones 220 and 31 1 for sending voice and the 
earphones 224 and 307 or the speakers 225 and 308 for reproducing the voice. 

25 < Voice transmission from optical transceiver 201 to local unit 203 ) 

[0157] One at the optical transceiver 201 produces a voice to the microphone 220. The microphone 220 provides a 
v . corresponding voice signal and the amplifier 221 amplifies the voice signal. According to the amplified voice signal, the 
modulator 219 FM-modulates a pulse drive signal of the power stabilizer 2 1 7. According to the FM-modutated drive sig- 

30 nal, the light source 21 1 emits a pulse light, which is split by the splitter-coupler 212. The split lights are made incident 
to the optical fibers 202A and 202B that form a loop. Although the FM-modulated optical pulse signal returns to the opti- 
cal transceiver 201 through the loop, the voice entered to the microphone 220 is never reproduced by the optical trans- 
ceiver 201 because the optical transceiver 201 incorporates no demodulator for FM-modulated signals. 
[01 58] The local unit 203 receives the split lights that are based on the FM-modulated optical pulse signal. The lights 

35 leak from the bend 300 and are received by the photo-detector 301, which converts them into an electric signal. The 
electric signal is amplified by the amplifier 304 and is supplied to the demodulator 305. 

[01 59] The electric signal provided by the photo-detector 301 is based on the FM-modulated optical pulse signal orig- 
inated by the optical transceiver 201. Accordingly, the demodulator 305 FM-demodulates the electric signal to repro- 
duce the original voice signal. The voice signal is amplified by the amplifier 306 and drives the earphone 307 or the 
40 speaker 308 that emits the original voice sent from the optical transceiver 201 . 

( Voice transmission from local unit 203 to optical transceiver 201 > 

[0160] The optical transceiver 201 always emits usual optical pulse signals that are not FM-modulated to the optical 
45 fibers 202 A and 202B. Under this state, one at the local unit 203 produces voice to the microphone 311. 

[0161] The voice is converted by the microphone 31 1 into an electric signal, which is supplied to the driver 312. 
According to the electric signal, the driver 312 drives the vibrator 302. Namely, vibration corresponding to the voice is 
applied to the optical fiber 202A. 

[0162] The vibration changes a phase difference between the lights oppositely propagated through the optical-fiber 
so loop. The propagated lights are coupled together by the splitter-coupler 212 of the optica) transceiver 201 , to make the 

lights interfere with each other. The interfering lights are converted by the photo-detector 213 into an electric signal. 

This electric signal shows a change corresponding to the vforation applied by the local unit 203. 

[0163] The electric signal from the photo-detector 213 is amplified by the amplifier 222. is AM-demodulated by the 

demodulator 223, and is played by the earphone 224 or the speaker 225 as the voice entered by the local unit 203. 
55 [01 64] In this way, each apparatus for identifying a target optical fiber of the present invention is capable of providing 

a communication function without cutting the optical ftoers. 

[0165] Instead of the optical delay unit 205 (Fig. 15), an optical delay unit 230 may be arranged in an optical path 
between the splitter-coupler 212 and the optical connector 215A, as indicated with a dotted line in Fig. 17. 
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[0166] Rgure 20 is a block diag^^howing an optical transceiver having a communicBn function applicable to the 
apparatuses of Figs. 14 and 15, and Fig. 21 is a block diagram showing a local unit having a communication function 
applicable to the same apparatuses. In addition to the embodiments of Figs. 17 and 19. the embodiments of Figs. 20 
and 21 have a call function. 

5 [0167] In Rg. 20, the optical transceiver 201 additionally has a call signal generator 231 and a call switch (SW) 232 
on the transmission side thereof. The output of the call signal generator 231 is supplied to an amplifier 221 . The recep- 
tion side of the optical transceiver 201 additionally has a call signal detector 233 and a buzzer 234. The call signal 
detector 233 receives the output of a demodulator 223 and drives the buzzer 234. The output of the call signal detector 
233 may be supplied to a speaker 225. 

10 [0168] The transmission side also has.a signal generator 241 for generating a signal used to identify a target optical 
fiber, and a switch (SW) 242. The output of the signal generator 241 is supplied to a power stabilizer 217 that drives a 
light source 21 1 . The other parts of the optical transceiver 201 are the same as those of the optical transceiver 201 of 
Fig. 17. 

[0169] In Rg. 21 , the reception side of the local unit 203 additionally has a call signal detector 321 and a buzzer 322. 

15 The call signal detector 321 receives the output of an amplifier 306 and drives the buzzer 322. The transmission side 
of the local unit 203 additionally has a call signal generator 323 and a call switch (SW) 324. The output of the call signal 
generator 323 is supplied to a driver 312 that provides a vibration signal to drive a vtorator 302. The reception side of 
the local unit 203 also has a detector 325 for detecting the signal used to identify a target optical fiber. The detector 325 
receives the output of an amplifier 304 and drives the buzzer 322. The other parts of the local unit 203 are the same as 

20 those of the local unit 203 of Rg. 19. 

[0170] The apparatus employing the optical transceiver 201 of Rg. 20 and the local unit 203 of Rg. 21 first identifies 
a target optical fiber to be used to carry out a conversation. More precisely, the switch 242 of the optical transceiver 201 
is manipulated to make the signal generator 241 generate a modulation signal (a rectangular wave of 270 Hz) to AM 
modulate a pulse drive signal provided by the power stabilizer 217. The AM-modulated drive signal drives the light 

25 source 21 1 to emit a pulse light. The light is split by a splitter-coupler 212, and the split lights are supplied to optical 
fibers 202A and 202B. 

[0171] In the local unit 203, leakage lights from a bend 300 of the optical f foer 202A are received by a photo-detector 
301, which converts them into an electric signal. The electric signal is amplified by the amplifier 304. The output of the 
amplifier 304 is supplied to a demodulator 305 and the detector 325. Since the demodulator 305 demodulates only FM 

30 signals, it never responds to the AM signal for identifying the target optical fiber. On the other hand, the detector 325 
detects the amplified AM signal of 270 Hz and demodulates the same to drive the buzzer 322. Hearing the sound from 
the buzzer 322, one at the local unit 203 recognizes that the optical fiber 202A is the target optical fiber. 
[01 72] Once the local unit 203 identifies the target optical fiber, a conversation is achievable between the optical trans- 
ceiver 201 and the local unit 203 without cutting the optical fiber. To start a conversation from the local unit 203, the call 

35 switch 324 is manipulated. Then, the call signal generator 323 generates a call signal of predetermined frequency, 
according to which the vibrator 302 vibrates the optical fiber 202 A, to change a phase difference between the lights 
oppositely propagated through the loop of the optical fibers 202A and 202B. 

[0173] The propagated lights are received by the optical transceiver 201 . A photo-detector 213 converts the lights into 
an electric signal, and a demodulator 223 AM -demodulates the electric signal. The call signal detector 233 detects the 
40 call signal in the demodulated signal and drives the buzzer 234 or speaker 225 so that one at the optical transceiver 
201 may recognize the call from the local unit 203. 

[0174] Thereafter, a conversation is carried out between the optical transceiver 201 and the local unit 203 through the 
optical-fiber loop without cutting the loop as explained with reference to Rgs. 1 7 and 19. 

[0175] A call from the optical transceiver 201 to the local unit 203 will be explained. The call switch 232 is manipulated 
4$ to make the call signal generator 231 generate a call signal of predetermined frequency. The call signal is amplified by 
an amplifier 221 . According to the amplified call signal, a modulator 219 FM-modulates a pulse drive signal provided by 
the power stabilizer 217. According to the modulated signal, the light source 21 1 emits an optical pulse light. The light 
is split by the splitter-coupler 212, and the split lights are transferred to the local unit 203 through the optical ffoers 202A 
and202B. 

so [0176] In the local unit 203, leakage lights from the bend 300 of the optical fiber 202A are received by the photo-detec- 
tor 301 , which converts them into an electric signal. The electric signal is amplified by the amplifier 304. The output of 
the amplifier 304 is supplied to the demodulator 305 and detector 325. Since the signal originated by the optical trans- 
ceiver 201 this time is FM-modulated. the signal detector 325 never responds to it, and the demodulator 305 demodu- 
lates it into the call signal. The call signal is amplified by the amplifier 306. The call signal detector 321 detects the call 

55 signal and drives the buzzer 322. Hearing the sound from the buzzer 322, one at the local unit 203 recognizes the call 
from the optical transceiver 201 . 

[0177] Thereafter, a conversation is carried out between the optical transceiver 201 and the local unit 203 through the 
optical-fiber loop without cutting the loop as explained with reference to Rgs. 1 7 and 19. 
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[0178] The local unit 203 ma^rave an optical power meter so that the local unit 203 can provide all functions needed 
for optical work, such as carrying out a conversation, identifying a target optical fiber, and measuring optical power. This 
is convenient because equipment to be carried among work sites is only the local unit 

[0179] Although the embodiments install the local unit on one of the two optical fibers that form a loop, the local unit 
may be installed on both the two optical fbers. The latter installation is effective when two optical fibers are taped up 
and are unable to separate from each other so that they must simultaneously be vibrated and bent. 
[0180] Two optical f toers that form a loop according to the present invention are each preferably a single mode fiber 
(SMF). Multimode optical fibers are employable if they are short or if detectors of good S/N ratio are employed. A light 
source for the present invention is preferably a laser diode. If multimode optical fibers are employed, the light source 
may be an LED. A DFB laser of high interference is preferred as a light source for the present invention when long opti- 
cal fibers are employed or when detectors of poor S/N ratio are employed. 

[0181 ] Two optical fibers to form a loop may be contained in the same cable, or in different cables, or in cables laid in 
different routes. 

[0182] Instead of using the connector 107 to connect ends of two optical fibers to each other, the ends may be fused 
together or may be connected to each other by V-groove connection. Instead of using a vibrator to vibrate a part of a 
loop of optical fibers, one may apply a physical change such as a shock to the loop by hitting a part of the loop or a part 
of a cable that contains a part of the loop This may cause a phase shift between lights oppositely propagated through 
the loop so that one at the optical transceiver may hear the hitting sound from a speaker or observe a corresponding 
waveform on an oscilloscope, to identify a target optical fiber cable or a target optical fiber. 

Claims 

1. An apparatus for detecting a signal based on optical interference comprising: 

a light source; 

a photo-detector; 

a loop made of a plurality of optical f toers and having open ends; and 

a splitter-coupler connected to the open ends of the loop, 

wherein the light source emits a light which is split by the splitter-coupler, the split lights are made incident to 
the open ends of the loop, respectively, so that the split lights are oppositely propagated through the loop, the 
oppositely propagated lights are coupled by the splitter-coupler so that they interfere with each other, and the 
interfering lights are converted by the photo-detector into a signal that indicates the intensity of the interfering 
lights and is responsive to a change in the phase difference between the lights, 
whereby the signal from the photo-detector shows a physical change applied to the loop. 

2. An apparatus for detecting a signal based on optical interference acoording to claim 1 , vibration is applied to the 
loop as the physical change. 

3. A method of detecting a signal based on optical interference, comprising the steps of: 

emitting a fight.from a light source; 
splitting the light by a splitter-coupler; 

making the split lights incident to open ends of a loop of optical fibers, respectively, so that the split lights are 
oppositely propagated through the loop; 

coupling the oppositely propagated lights by the splitter-coupler so that they interfere with each other; 
converting the interfering lights by a photcxJetector into a signal that indicates the intensity of the interfering 
v lights and is responsive to a change in the phase difference between the lights; and 
detecting a physical change applied to the loop according to the signal from the photo-detector. 

4. A method of detecting a signal based on optical interference according to claim 37 vibration is applied to the loop 
as the physical change. 

5. A method of detecting a 6ignal based on optical interference according to daim 3, an optical delay unit is inserted 
to a portion of the loop. 

6. A method of identifying a target optical fiber cable among many, comprising the steps of: 

connecting each end of a plurality of optical fibers to each other to form a loop having two open ends; 
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connecting an optical trai^^ver to the open ends of the loop; 
emitting a light from a light source of the optical transceiver; 
splitting the light by a splitter-coupler of the optical transceiver; 

making the split lights incident to the open ends of the loop, respectively, so that the split lights are oppositely 
propagated through the loop; 

coupling the oppositely propagated lights so that they interfere with each other; 

converting the interfering lights by a photo-detector of the optical transceiver into an electric signal that indi- 
cates the intensity of the interfering lights and is responsive to a change in the phase difference between the 
lights; and 

detecting in the electric signal a physical change applied to the target optical fber cable that contains at least 
a part of the loop, to identify the target optical f iber cable. 

7. A method of identifying a target optical fiber cable among many according to claim 6, vibration is applied to the tar- 
get optical cable as the physical change. 

8. A method of identifying a target optical fber cable among many according to claim 6, an optical delay unit is 
inserted to a portion of the loop, 

9. A method of identifying a target optical fiber among many, comprising the steps of: 

connecting each end of a plurality of optical fibers including the target optical fber to each other to form a loop 
having two open ends; 

connecting an optical transceiver to the open ends of the loop; 
emitting a light from a light source of the optical transceiver; 
splitting the light by a splitter-coupler of the optica) transceiver; 

making the split lights incident to the open ends of the loop, respectively, so that the split lights are oppositely 
propagated through the loop; 

coupling the oppositely propagated lights so that they i nterf ere with each other; 

converting the interfering fights by a photo-detector of the optical transceiver into an electric signal that indi- 
cates the intensity of the interfering lights and is responsive to a change in the phase difference between the 
lights; and 

detecting in the electric signal a physical change applied to the loop to identify the target optical fber. 

10. A method of identifying a target optical fiber among many according to claim 9, vibration is applied to the loop as 
the physical change. 

11. A method of identifying a target optical fiber among many according to claim 9, an optical delay unit is inserted to 
a portion of the loop. 

12. An optical fber communication method comprising the steps of: 

connecting each end of a plurality of optical fbers to each other through an optical connector to form a loop 

having two open ends; 

connecting an optical transceiver to the open ends of the loop; 

attaching a local unit to the loop between the optical transceiver and the optical connector; and 
carrying out optical-transceiver steps and local-unit steps, wherein the optical-transceiver steps include: 
emitting a light from a light source; 
converting a voice into an electric signal by a first microphone; 

modulating the light from the light source by a driver according to the electric signal from the first microphone; 
splitting the light from the light source by a splitter-coupler; 

making the split lights incident to the open ends of the loop, respectively, so that the lights are oppositely prop- 
agated through the loop; 

coupling the oppositely propagated lights by the splitter-coupler so that they interfere with each other; 
converting the interfering lights into an electric signal by a first photo-detector; and 
. demodulating the electric signal into a voice signal by a first voice unft, and the local-unit steps include: 
bending the loop; 

receiving leakage lights from the bend by a second photo-detector; 

converting the leakage lights by the second photo-detector into an electric signal; 
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demodulating the eli 




lignal into a voice signal by a second voice unit; 



converting a voice into an electric signal by a second microphone; and 

vibrating the loop by a vibrator according to the electric signal from the second microphone, thereby establish- 
ing a conversation between the optical transceiver and the local unit. 

13. An optical fiber communication method according to claim 12, characterized by using FM-modulation to the light 
from the light source according to the electric signal from the first microphone; AM-modulation to the signal from 
the first photo-detector into the voice signal in the optical transceiver; and FM-demodulation to the signal from the 
second photo-detector into the voice signal in the local unit. 
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